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ABSTRACT

The difference in the index-to-ring finger length ratio (2D:4D) is associated with human behavior, physical capability, and
risk of developing knee osteoarthritis in women. We aimed to determine the relationship between 2D:4D, Western Ontario
and McMaster (WOMAC) osteoarthritis index, and body mass index (BMI) in women with mild to moderate knee
osteoarthritis. A cross-sectional study was conducted on 118 women with Kellgren-Lawrence grade 2-3 knee osteoarthritis
using the WOMAC questionnaire. The length of the index and ring fingers were measured using right-hand posterioanterior
view plain radiographs. The participants were classified into three groups: type I (index finger longer than ring finger),
type II (equal length), and type III (index finger shorter than ring finger). BMI was determined using standard measurements
and calculations. There was no significant mean difference between the mean total WOMAC score and each of its components
with the 2D:4D ratio. BMI correlated significantly with symptoms of knee osteoarthritis and the total WOMAC score
(P<0.001). There was a significant relationship between the 2D:4D ratio and BMI (P=0.015). No relationship was found
between the 2D:4D ratio and WOMAC score. However, there was a positive correlation between the WOMAC score and
BMI. The 2D:4D ratio had a significant relationship with BMI.
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INTRODUCTION

The prevalence among women with radiological
evidence of knee osteoarthritis (OA) is higher
compared to males. Physical disability is one of the
main issues with osteoarthritis of the lower limb
(Torres et al., 2006; Haugen et al., 2011). OA is one
of the most common joint disorders that lead to
physical disability in the elderly. Although elderly
women experience a lower rate of chronic disease and
longer life span than men, studies reported that they
have a lower quality of life due to functional limitation
and physical disability (McAlindon et al., 1993;
Kobayashi et al., 2016; White et al., 2016). Disability
among gender differences remains unexplained
although some studies have tried to associate it with

demographic factors, chronic diseases, osteoarthritis,
and other joint diseases.

The Western Ontario and McMaster
Universities Arthritis Index (WOMAC) is widely
used in the evaluation of knee and hip osteoarthritis.
Since it was developed in 1982 at the Western
Ontario and McMaster Universities, WOMAC has
been extensively used in epidemiological and
observational studies, and to assess improvement in
patients with post-treatment intervention. Its use has
been validated in many medium, including through
questionnaires and via phone or computer. The
WOMAC has been proven to be reliable, responsive,
and efficient (McConnell et al., 2001). It is a self-
administered questionnaire consisting of 24 items
divided into 3 subscales, including pain (5 subsets),
stiffness (2 subsets), and disability (17 subsets). The
scores are summed for items in each subscale on
the Likert version: pain (0-20), stiffness (0-8), and
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disability (0-68). The higher the score indicates
worsening in pain, stiffness, and limited functional
ability. The WOMAC score has been translated and
validated in Bahasa Malaysia (Ab-Rahman et al.,
2020).

Anthropological studies have suggested that
there is consistency between gender differences with
the ratio of the lengths of the index finger (2D) and
the ring finger (4D) (Manning et al., 1998; Manning
et al., 2000; Manning and Taylor, 2001; Honekopp
& Watson, 2010). Men typically have 4D that is
longer than their 2D, compared to women who in
general have an equal length or longer 2D. The
discrepancy between the length of 2D and 4D
reflects exposure to prenatal testosterone. A low
2D:4D ratio indicates higher exposure in utero
testosterone (Manning et al., 1998; Lutchmaya et al.,
2004; Mcintyre et al., 2006; Richards et al., 2017). The
2D:4D ratio can be classified into three types. Type
I is when the 2D is longer than the 4D, equal length
is seen in type II, and the 2D is shorter than the 4D
in type III (Zhang et al., 2008). Previous studies on
the risk of knee OA and the 2D:4D ratio have shown
inconsistent results, with some studies concluding
that type III is associated with risk of knee OA in
women (Zhang et al., 2008; Ferraro et al., 2010;
Hussain et al., 2014; Kalichman et al., 2018).

The current study aimed to determine the
relationship between symptomatic knee OA based on
the components of the WOMAC score and the 2D:4D
ratio, specifically in women. Functional disability in
knee OA has been reported to be positively
correlated with high BMI. Therefore, we also aimed
to determine any correlation between the WOMAC
score and BMI, and any significant correlation
between BMI and the 2D:4D ratio.

MATERIALS AND METHODS

The study was designed as a comparative cross-
sectional study involving female patients with
primary knee OA. The participants were selected
among patients aged 50 years and above with
primary knee OA, Kellgren and Lawrence (K-L)
grades 2 or 3, presenting to the arthroplasty clinic
of a tertiary institution. We only included grades 2
and 3 as they are categorized as a moderate type of
OA. Patients who had received any form of intra-
articular knee injection within three months before
assessment were excluded from the study. Those
with post-traumatic osteoarthritis or other types of
arthritis including rheumatoid arthritis, gouty
arthritis, psoriatic arthritis, and post-septic arthritis
were also excluded. Other exclusion criteria were
patients who had undergone knee replacement
surgery, patients with hand deformity or history of

digit fracture, or patients with a history of major
psychiatric illness, dementia, or medical illness unfit
for assessment.

The participants’ weight was measured to the
nearest 0.1 kg using a beam balance scale and their
height was measured to the nearest 1mm using a
stadiometer. Both were measured with their shoes off.
BMI was calculated as weight in kilograms divided
by the square of height in meters. The whole cohort
of participants had completed the WOMAC score.
Every question has been fully understood by the
participant and then marked. This was to avoid any
bias caused by incomplete understanding or inability
to read the written form. On average, it took 10 to
15 min to complete the WOMAC score. The
participants were subjected to a right hand
posteroanterior (PA) view plain radiograph.
Radiation dose (effective dose) for plain radiograph
of the extremities was as low as 0.001 mSV
(miliSievert). Hence, the risk of any malignancy was
negligible. The participant was seated adjacent to
the radiographic table. The hand radiograph was
taken in a prone position with no angulation at the
wrist. The central beam was directed at the third
metacarpophalangeal joint in the expanded hand.
Images were obtained using a small focal point and
a detail cassette. The exposures were 48 kV, 3.2 mA.s,
and the distance was 90 cm from the source of the
image. Each film was scanned and was saved into a
PAC system. The right hand was used for the
radiographic measurement of the 2D:4D ratio based
on the previous study which reported that the 2D:4D
ratio is symmetrical between both sides and is not
related to hand dominance (Manning et al., 2005;
Robertson et al., 2008). The length of the 2D and 4D
were measured from the midpoint of the base of
the proximal phalanx to the midpoint of the tip of
the distal phalanx to determine the 2D:4D ratio
(Figure 1). All data were analyzed using IBM
Statistical Package for Social Science (SPSS)
version 22.0.

RESULTS AND DISCUSSION

There were 118 participants recruited for the study.
The mean (SD) age of the participants was 62.1 (6.79)
years old, ranging between 50 to 80 years old. The
majority of the participants were in the age groups
between 50 to 59 years old, and 60 to 69 years old
(n=52 in each age group). The mean (SD) BMI was
28.9 (4.54), with the majority of participants being
either obese (42%) or overweight (46%). Type III
finger patterns contributed the highest percentage
of participants involving nearly half of them
(n=56, 47%). This was followed by type I (29%)
and type II (24%).
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Fig. 1. Measuring the length of the index finger and the
ring finger on a plain radiograph.

Table 1. Comparison of the mean total WOMAC score and its components between the types
of 2D:4D pattern

Type n Mean (SD) F-stat (df) P-value

a. The mean of total WOMAC score between the types of 2D:4D ratio pattern

Type I 34 34.9 (11.19) 0.97 (2) 0.383
Type II 28 38.7 (11.42)
Type III 56 36.2 (9.92)

b. The mean of score for pain component between the types of 2D:4D ratio pattern

Type I 34 6.6 (3.86) 1.03 (2) 0.360
Type II 28 8.0 (3.83)
Type III 56 7.5 (3.87)

c. The mean of score for joint stiffness component between the types of 2D:4D ratio pattern

Type I 34 2.3 (1.47) 0.58 (2) 0.560
Type II 28 2.7 (1.28)
Type III 56 2.5 (1.41)

d. The mean of the score for disability component between the types of 2D:4D ratio pattern

Type I 34 26.0 (7.46) 0.77 (2) 0.464
Type II 28 28.0 (7.75)
Type III 56 26.2 (6.35)

A one-way ANOVA test was applied.

The 2D:4D ratio and fetal androgen exposure
Ferraro et al. (2010) and Zhang et al. (2008)

reported a nearly similar distribution of the 2D:4D
ratio in women with knee OA in their samples.

Community database studies on radiological
assessment in classifying 2D:4D patterns in
Caucasian adults showed the prevalence of a
definite type III pattern on either hand was 37.29%
in women, and 60.88% in men. Men were three times
as likely to have a type III pattern than women
(Honekopp et al., 2006; Robertson et al., 2008;
Richards et al., 2017; Kalichman et al., 2018). The
2D:4D ratio is an indirect biological marker of pain
in knee osteoarthritis that highlights dimorphic
anatomical gender differences in males and females.
Fetal androgen exposure is of interest to researchers
because it has been playing a role in neurological
development and was thought to have vital
contributions to biological and psychological gender
differentiation.

Relationship between the 2D:4D ratio and
symptomatic knee OA

One-way ANOVA was used to compare the mean
of total WOMAC score and its components between
the types of 2D:4D ratio patterns. There was no
significant difference between the three patterns for
the total WOMAC score and all its components
(Table 1). There was no previous study that
explained the relationship between the 2D:4D ratio
and disability following knee osteoarthritis among
women. On the other hand, there were reports that
the type III pattern was found to be positively
associated with athletic and spatial ability. It has been
associated with achievement in many physically
demanding and competitive sports. The researchers
also indicated that individuals with type III patterns
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were more likely to take risks, more active, and have
a less functional disability in daily activities in the
younger population. This was believed to lead to
knee trauma and eventually OA (Manning et al.,
2001; Hampson et al., 2008; Haugen et al., 2011;
Hussain et al., 2014; Kalichman et al., 2018).
Although the relationships between knee trauma and
the development of post-traumatic OA remain poorly
understood, it is clear that joint dislocation, articular
injury, ligament, and meniscus tears in an active
person may increase the risk of knee OA, which can
cause functional disability later in life (McAlindon
et al., 1993; White et al., 2006; Haugen et al., 2011;
Hussain et al., 2014; Kobayashi et al., 2016; Torres
et al., 2016; Ab-Rahman et al., 2020). Based on
previous studies, we presumed that the type III
pattern in women is more prone to functional
disability at a more advanced age compared to other
groups. However, results from the WOMAC score
in the physical disability component in the current
study did not support our hypothesis.

Inconsistent results on the relationship between
the feeling of pain and the 2D:4D ratio had been
reported in the past. Keogh et al. (2007) reported that
women with type I pattern have a lower pain
threshold than men with similar finger patterns. This
was not supported by Yamamotova et al. (2009),
where the rate of pain threshold was not significant
in women. They are more sensitive to experimentally-
induced pain and their responses to noxious stimuli
in comparison with men (Fillingim & Ness, 2000).
Although there were limited studies on the
relationship between pain response to the 2D:4D
ratio, we presumed that type I pattern has more

sensitivity to pain with a higher WOMAC score in
the pain component. It would be related to a lower
prenatal testosterone exposure during birth and
activation effect from circulating hormone during
adulthood associated with low pain threshold
(Fillingim & Ness, 2000). However, the current
study did not find results to support a significant
correlation between female finger traits and higher
pain sensitivity. Acute pain is different from chronic
pain, which arises from psychological states, serves
no biological purpose, and has no recognizable
end-point. Other studies also showed that the
prevalence of chronic pain was more significant with
advanced age, geographical and cultural variation
(Elliot et al., 2002; Breivik et al., 2006).

Although type III finger pattern was associated
with a higher risk for knee OA in women (Zhang et
al., 2008; Ferraro et al., 2009), our results showed
there was no correlation with functional disability.
The difference in finger patterns does not have an
influence on functional disability and pain in women
with knee OA. This finding corresponds to the
previous study by Haugen et al. (2011) that reported
no significant correlation between the severity of
symptoms in knee OA and the 2D:4D pattern.

Correlation between BMI and the WOMAC score
A significant correlation between the total

WOMAC score and BMI among participants in the
current study was found when Pearson’s Correlation
Coefficient was applied (Figure 2 & Table 2). A
positive linear relationship (moderate correlation)
between total WOMAC and BMI was observed
(P<0.001, r=0.643). However, BMI was confirmed as

Fig. 2. Correlation between total WOMAC score and BMI (r=0.643, P<0.001).
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not a confounding factor in the relationship between
WOMAC and 2D:4D which was tested in ANCOVA
analysis. Further analysis found a significant
association between the types of 2D:4D pattern and
BMI (Table 3). The majority of participants with the
highest mean BMI had a type II 2D:4D pattern.

Similar findings were reported in previous
studies (Felson et al., 1992; Coggon et al., 2001).
A higher body weight leads to an increment in
mechanical stress on the joints. BMI is one of the
modifiable risk factors that can reduce progression
and physical disability in knee OA. Therefore, a
proper weight reduction program should be
recommended for elderly women with knee OA. It
was suggested that a two-point BMI reduction or a
5kg loss could effectively reduce problems related to
knee OA (Felson et al., 1997; Coggon et al., 2001;
Elbaz et al., 2011).

Even though there was a high correlation
between WOMAC and BMI (P<0.001, r=0.643), BMI
was confirmed as not a confounding factor in the
relationship between WOMAC and the 2D:4D ratio.
There was also a significant association between a
higher BMI and the different 2D:4D ratios. Ironically,
the type II finger pattern, which has the least number
of participants (n=28, 24%), has more association with
higher BMI. We believe that poor functional ability,
pain, and less physical activity among women with
knee OA lead to a higher BMI. There is also a
possibility that female finger pattern is related to
eating behavior with increased food intake during
adolescence and puberty (Klump et al., 2006). In
contrast, an eating disorder study by Quinton et al.
(2011) showed that the type III pattern has a strong
association with anorexia in females.

CONCLUSION

Based on our results, we suggest that weight
reduction should be more emphasized for a targeted
group of women with type II finger patterns. Early
intervention may reduce and delay the physical
disability due to the progression of the disease later.
However, with a small group of participants in the
type II pattern in the current study, the outcome
may not have a significant impact. It is hoped that
further research will contribute to improving our
understanding of the mechanism responsible for this
association.
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